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ISOMERISH IN Co58 
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Radiation Laboratory and Department of Physics, 
University of California,  Berkeley,  California 

April 17,  1950 

Abstract 

An isomer of Co      has been identified which decays with a half life of 

8.8 hours by emission of a 24.9 i 1.0 Kev Y-ray.    The ratio of the K and L 

conversion coefficients was 1.9 £.2.    The relative cross section for formation 

of the isomeric and ground state of Co      by a-particle bombardment of manga- 

nese was  found to be 1.7.    The conversion coefficient of the 805 Kev Y-ray of 

ro —4 
Fe°° was 2.5 x 10 . Possible decay schemes are presented. 

4 
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Karl Strauch 

Radiation Laboratory and Department of Physics, 
University of California,  Berkeley, California 

April 17, 1950 

1. Introduction 

When a manganese metal target was bombarded with 40 Mev a-particles  from 

the 60-inch cyclotron,  a" weak 8.8 hour activity appeared in the chemically 

56  / separated cobalt fraction besides the expected long half lives of Co      (72 

days), Co5^  (270 days) and Co      (72 days).    A similar period was  found in 

cobalt fractions  from nickel and cobalt bombarded with 18 Mev deuterons and 

fast neutrons, and from copper placed in the circulating deuteron beam of the 

184-inch cyclotron.    These cobalt samples were followed with a 3.2 mg/cm    end 

window Victoreen counter.    When a 71 mg/cm    aluminum absorber was placed be- 

tween the counter and the samples, no 8.8 hour activity could be detected; 

when a 210 mg/cm    absorber was used, the samples grew with a half life of 

approximately 9 hours.    The results of the investigation reported here show 

this new period to be associated with an isomer of Co58.    The main part of 

the work was carried out with a magnetic lens  spectrometer of the type de- 

scribed by Siegbahn, calibrated with annihilation radiation. 

2. Isotopic Assignment 

The a-particle bombardment of manganese was  found to be the most con- 

venient method of production of the unknown activity:  the only other period 

56 of comparable half-life fomed in this case was the 2.6 hour Mn    .    The low 

measured intensity of the 8.8 hour activity made formation from target 

(l)    J. K.  Siegbahn, Phil. Mag.  37, 162 (1946) 
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impurities suspect: a thorough chemical investigation* therefore had to be 

carried out and different manganese compounds in addition to the metal were 

used as targets. The bulk of the 8.8 hour activity under investigation followed 

the cobalt fractions and we can conclude that the new period belongs to that 

element. 

The isotopic assignment is made by considering the momentum spectra of  ' 

the cobalt fraction obtained from manganese bombarded with 40 Mev a-particles. 

This spectrum showed the characteristic radiations^ '  of Co58, Co , and Co56 

formed by (a,n), (a,2n) and (a,3n) reactions. In addition a conversion line 

was found at 530 gauss cm which decayed with an 8.8 hour half life; this cor- 

responds to electrons -whose range is only slightly larger than the 0.4 mg/cm 

thickness of the nylon counter window. As will be seen in the next section, 

this line is due to L electrons, the K electrons being absorbed in the counter 

window. At the same time part of the continuous spectrum grew: an analysis 

showed the characteristic ß* continuum of Co to be responsible for the growth. 

The activity associated with the conversion line thus decayed to Co58. 

Verification of this assignment was-accomplished by reducing the a-energy 

to 17 Mev with aluminum absorbers, so that Co5^- and Co*58 (foimed by (a,2n) 

and (a,3n) reactions were not present. The resulting spectrum is shown in 

Fig. 1. At low B^o are two peaks due to K and L conversion electrons as ob- 

tained with a thin zapon window (cf. Section 3); in the center can be seen 

the continuous ß spectrum of Co  that grew as the two low energy conversion 

peaks decayed (cf. Section 4); the insert at high B^o magnifies the con- 
Cp in 

version electrons of the 805 Kev Y-ray of Fe  (cf. Section 5). Any possible 

* 
See Appendix 

(2) G. T. Seaborg and I. Perlman, Rev. Mod. Phys. 20, 585 (1948) 
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contamination by products of an (a,2n) reaction would have been noticed as 

conversion electrons of the 117 Kev and 130 Kev Y-rays emitted in the decay 

57 
of Co s no such lines were observed. These results show the existence of 

an 8.8 hour isomer of Co58 decaying to the 72 day ground state. 

3. Properties of the Isomer 

In order to study the conversion electrons associated with the new isomer, 

a thin counter window was constructed with a single zapon film supported by a 

wire grid. With the counter connected to a 2 liter reservoir, leakage was 

small enough so the counting characteristics did not appreciably change over 

3 hour periods. This fact was checked by taking frequent counts with a stan- 

dard. The cobalt sulfide sample, prepared from manganese bombarded with 17 

Mev a-particles, was placed on a thin zapon film and was estimated to have less 

than 0.1 mg/cmz thickness. The observed K and L conversion peaks are shown in 

Fig. 1: the width at half maximum checks the known resolution of the spectro- 

meter and the two lines are well separated. Possible M conversion electrons 

could not be resolved and are included under the L peak. 

Since any small permanent B to      in the spectrometer is important at the 

low energies involved here. Auger electrons of Cd*  were used to check the 

calibration of the machine in this region. Values of 17.0 Kev and 24.1 Kev 

were obtained for the energies of the K and L cobalt conversion electrons; 

the E^ - E„ difference of 7.1 Kev agrees within the expected error with the 

cobalt value of 6.9 Kev, and the energy of the isomeric transition is given 

as 24„9 Kev. The position of the L line was also measured by reversing the 

current and taking the average of the two values. The result was 24.2 Kev. 

The energy with estimated uncertainty of the isomeric transition is thus 

given as 24.9 * 1,0 Kev. Considering this energy value and the half life 
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of 8.8 hours a  A_= 4 transition is indicated according to Axel and DancoffV3' 

The ratio of the K to L conversion coefficients has been obtained by com- 

paring the intensity of the two lines. Lawson and Corlr ' have shown that the 

ratio of the experimental peak heights (before division of the counting rate 

by B/3) should be equal to the ratio of the normalized areas (after division of 

the counting rate by B^). Experimental values given by these two methods are 

shown in Table I. The close agreement indicates that self-absorption and back- 

scattering in the source, if not negligible, at least affect both peaks equally. 

That the thickness of the counter window did not appreciably influence the ratio 

was shown by placing zapon films prepared from the same solution as the window 

over the source. With one film covering the sample a decrease of 2 percent in 

the relative peak height was observed} with two films this decrease amounted to 

7 percent. The contribution of M electrons to the L peak is unknown but be- 

lieved small. Table I also lists theoretical values for a  A= 4 transition 

obtained from the paper by Hebb and Nelson.v ' The isomeric transition thus 

appears due to a mixture of magnetic 23 and electronic 2 pole radiation. 

58 
The 72 day decay of the ground state of Co  has been investigated by 

Deutsch and coworkers.^ ^   '    They have shown that the decay proceeds 14.5 

percent by ß+ emission and 85.5 percent by K capture to an excited state of 

CO 
Fe00 from which the ground state is reached by emission of an 805 Kev Y-ray. 

The ß+ spectrum has an end point of 0.47 Mev. It is concluded that the ß+ 

(3) P. Axel and S. M. Dancoff, Phys. Rev. 76, 892 (1949) 

(4) J. L. Lawson and J. M. Cork, Phys. Rev. 57, 982 (1940) 

(5) M. H. Hebb and E. Nelson, Phys. Rev. 58, 486 (1940) 

(6) M. Deutsch and L. G. Elliot, Phys. Rev. 65, 211 (1944) 

(7) W. M. Good, D. Peaslee and M. Deutsch, Phys. Rev. 69, 313 (1946) 



UCRL 659 

-8- 

Table    I 

Experimental and theoretical values for a AE 4 

transition of the ratio of the conversion coefficients 

in the K and L shells for the 24.9 Kev Y-ray of Co58. 

Experiment 

from peak heights    from area 

1.93 ± .10 1.89 ± .19 

Magnetic 2    pole 

6.6 

Electric 2    pole 

.41 
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transition occurs with an angular momentum change of one or zero, with the 

parity change undetermined. No decay to the ground state of Fe58 was observed 

by these investigators, which means that this transition must be at least 

twice forbidden by comparison with Co  whose decay has this degree of for- 

(8) 
biddenness according to KonopinskL.- ' 

cn 

No evidence for the decay of the isomer of Co  to the ground state of 

58 *        • 
Fe  was found: this would have appeared as high energy ß particles decaying 

with the 8.8 hour half life. Transitions from the isomer to the excited state 

CO 

of Fe°° would have been hard to detect due to the small energy difference be- 

tween the two states of Co ; however, such transitions must be very rare as 

indicated in the following section. 

4. Relative Cross Section 

During the bombardment of a thick manganese target with 17 Mev a-particles 

both 8.8 hour isomeric and 72 day ground state of Co  are formed. The con- 

tinuous ß+ spectrum grows therefore as the isomer decays after the sample is 

introduced into the spectrometer. This was observed by following the activity 

at the B^o = 1500 gauss cm point with time; since the length and intensity 

variation of the bombardment is known, the ratio of the cross section for the 

formation of the isomer O^ to the cross section for formation of the ground 

state Cfg can be calculated and a value of O]/ o^ = 1»? is obtained. The 

result would be in serious error if an appreciable number of transitions 
CO 

occurred between the isomer and the excited state of Fe . This is highly 

improbable since even if such a transition were of the allowed type it would 

have a partial half life comparable to the 72 days of the ground state; how- 

ever possible spin assignments discussed in Section 6 make such a decay very 

(8) E. J. Konopinski, Rev. Mod. Phys. 15, 209 (1943) 
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highly forbidden. 

5. Conversion Coefficient of the Fe58 Y-Ray 

The conversion electrons of the 805 Kev Y-ray emitted following ß* 

emission by the ground state of Co  are shown in the insert of Fig. 1. A 

relatively thick source of about 1 mg/cm and a 0.4 mg/cnr nylon counter 

window were used to measure the ß continuum and the high energy conversion 

line in order to obtain large enough counting rates. The continuous back- 

ground between the end of the ß+ spectrum and the 805 Kev line was probably 

due to Compton electrons from the source and parts of the spectrometer. The 

width at the half intensity point of the line agrees with the knoum 4 percent 

resolution of the spectrometer; however the maximum counting rate on the peak 

was only twice the normal counter background. This makes the result sensitive 

to inevitable background variations. The contribution from photoelectrons 

produced in the sample should amount to only a few percent. To check on this 

possible source of error a 2.8 mg/cm nickel foil was placed over the source 

and no significant change in peak height observed. 

To obtain the desired conversion Coefficient the ratio of the area under 

the line to 6.9 times the area under the continuous ß spectrum must be taken. 

The latter is distorted below 150 Kev by scattering in the sample and counter 

window. Above -this energy a Fermi plot gives a straight line. This line was 

extrapolated to 0 momentum and the result used to obtain the area under the 

ß+ spectrum. The conversion peak contains both K and L electrons. According 

to Hebb and Kelson*4' the latter amount to 8 percent of the total number.. This 

correction was applied to the observed area under the line. Thus the value 

quoted in Table II is obtained. 

This table also lists theoretical values of the conversion coefficient 
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Tahle II 

Experimental and theoretical values of the internal 

conversion coefficient in the K shell for the 805 Kev 

Y-ray of Fe58: aK x 104 

Experiment 

2.5 

Electric pole 

1.3 3.4 

Magnetic pole 

2.4 5.9 
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as interpolated from recent calculations by M. E. Rose.*- ' Comparison with 

the experimental result indicates a magnetic dipole transition, although the 

estimated accuracy of the measurement is not such as to exclude electric quadru- 

pole radiation. In either case the transition occurs -with no change in parity. 

6. Discussion 
CO 

Fig. 2 represents a decay schaue of Co      possible on the basis of the results 

of Deuten et al.v   'v   ' summarized in Section 3 and the work reported in this 

paper.    The spin of the ground state of Fe5 , an even-even nucleus, is undoubt- 

edly 0 and the parity was taken + on the basis of the shell model.    The spin 
CO 

and parity assignments in Fig. 2 are made by assuming the ß+ decay of Co  to 
CO 

be of the "allowed" type and appear the only possible ones if the excited Fe 

state decays by magnetic dipole radiation.    If electric quadrupole radiation 

is responsible for this transition, then the assignments for the 0.805 Mev, 

1.785 Mev# and 1.810 Mev levels could be 2+, 2+ and 5+, or 2+, 3+ and 6+ re- 

spectively.    Values of 2+, 3- and 6- for these levels appear probable if a 

+ first forbidden transition is reponsible for the ß spectrum. In any case 

the isomeric state has a higher spin value than the ground state. 

This is verified by the measured relative cross sections for formation of 

the two states of cobalt. According to the statistical theory this is given 
.811+1 

by     O'I/ d~ "  , where    <X  and   OV, are the cross sections for the 
*        V     2  2I2 + l '       1      2 

formation and I. and Ig the spin values of the isomeric and ground states re- 

spectively. This formula is only expected to apply to the case of high exci- 

tation energy and heavy nuclei as discussed by Segre and Helmholz.^ ' As 

was just seen, two sets of choices for 1^ and I_ appear possible: they give 

(9) M. E. Rose et al., "Low Z internal conversion coefficients," privately 
circulated 

(10) E. Segr^s and A. C. Helmholz, Rev. Mod. Phys. 21, 271 (1949) 
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theoretical values for the relative cross section of 2.20 and 1.86. These 

are close to the experimental result of  <3L/ ^C, = 1.7. 

CO 

It is of interest to compare the properties of the isomers of Co  and 

Co « The latter has been investigated by Deutsch, Elliot and Roberts*1 ' and 

(3) 
more recent work is quoted by Axel and Dancoff.    From these the following 

conclusions can be drawn: 

(1) The Co  isomer decays to the ground state by emission of a mixture 

of 2° magnetic and 2 electric pole radiation; this is similar to Co  as 

shown in Section 3. Thus the same spin difference exists between the two 

levels of each isotope. 

(2) The spin 1^ of the isomeric state in Co  is lower than the spin 

Ig of the ground state; the opposite is true for Co5 . It is possible that 

corresponding spin values are the same for the two isotopes, but this cainot 

be ascertained from the available data. The reversal of the spin order might 

58 
indicate a crossing of energy levels as two neutrons are added to Co . 
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Appendix:    Chemical Procedure 

To the solution of Mn in HC1 10 mg amounts of Co, Cu, Fe, Ni, Zn 

carriers were added.    The IN solution was saturated with (HH^)gSCN and 

shaken with a 50 percent mixture of diethyl ether and amyl alcohol.    After 

several washings the alcohol-ether extract was found to be free of Mn.    The 

remaining metals were removed from the extract by shaking with an ammoniacal 

solution, the copper precipitated as sulfide in .3N acid solution, the nickel 

separated as the dimethyl glyoxime, the zinc obtained as  sulfide in nearly 

neutral  solution,  the iron precipitated as the hydroxide and finally the 

cobalt separated as sulfide in a basic solution or precipitated by nitroso- 

ß-naphthol.    This procedure in parts or as a whole was repeated several times. 

After the assignment to the element had been established, 1 mg amounts of Co 

carrier were extracted from a solution of  the manganese target with the 

alcohol-ether mixture, and directly precipitated as the sulfide from an 

ammoniacal solution. 

Information Division 
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